Original  Article 


Methicillin-Resistant  Staphylococcus  aureus  in  Wound  Cultures 
Recovered  From  a  Combat  Support  Hospital  in  Iraq 

Clinton  K.  Murray,  MD,  Matthew  E.  Griffith,  MD,  Katrin  Mende,  PhD,  Charles  H.  Guymon,  MS, 
Michael  W.  Ellis,  MD,  Miriam  Beckius,  MPH,  Wendy  C.  Zera,  BS,  Xin  Yu,  MS,  Edgie-Mark  A.  Co,  PhD, 

Wade  Aldous,  PhD,  and  Duane  R.  Hospenthal,  MD,  PhD 


Background:  Staphylococcus  aureus  infections  complicate  care  of  combat- 
related  injuries  and  can  independently  result  in  skin  and  soft-tissue  infections 
during  deployments  or  training.  Community-associated  methicillin-resistant 
S.  aureus  (CA-MRSA)  strains  seem  to  produce  severe  disease  but  retain 
susceptibility  to  many  oral  antimicrobials.  This  study  characterizes  84 
MRSA  isolates  recovered  from  wound  cultures  at  a  combat  support  hospital 
in  Iraq. 

Methods:  MRSA  strains  recovered  from  December  2007  through  March 
2009  were  analyzed.  Antimicrobial  resistance  testing  was  determined  by 
broth  microdilution  and  the  BD  Phoenix  Automated  Microbiology  System. 
The  genotypic  pattern  was  analyzed  by  pulsed-field  gel  electrophoresis  and 
polymerase  chain  reaction  identification  of  resistance  and  virulence  genes. 
Results:  No  MRSA  isolates  from  wound  cultures  were  resistant  to  vanco¬ 
mycin.  The  most  active  oral  antistaphylococcal  agents  were  tetracycline 
(95%  susceptibility),  trimethoprim-sulfamethoxazole  (94%),  and  clindamy¬ 
cin  (94%).  Of  agents  not  typically  recommended  as  monotherapy,  98%  of 
isolates  were  susceptible  to  rifampin,  91%  to  moxifloxacin,  and  60%  to 
levofloxacin.  The  most  common  pulsed-field  type  (PFT)  was  US  A3  00 
(79%).  The  typical  staphylococcal  cassette  chromosome  mec  IV  elements 
carrying  the  CA-MRSA  resistance  genes  were  present  in  88%  of  the  isolates. 
Panton- Valentine  leukocidin  virulence  genes  were  identified  in  88%  of 
isolates,  including  100%  of  PFT  USA300.  The  virulence  gene  associated 
with  an  arginine  catabolic  mobile  element  was  present  in  75%  of  isolates, 
including  94%  of  PFT  USA300. 

Conclusion:  This  study  is  the  first  genotypic  and  phenotypic  characterization 
of  CA-MRSA  recovered  from  wound  cultures  in  a  deployed  combat  hospital. 
The  pattern  noted  was  similar  to  that  seen  in  soldiers  stationed  in  the  United 
States. 
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Staphylococci  have  been  reported  as  major  pathogens  caus¬ 
ing  wound  infections  throughout  20th  century  US 
wars.1  12  The  resistance  of  Staphylococcus  to  penicillin  was 
described  soon  after  its  introduction  during  World  War  II.6 
During  the  Vietnam  War,  Staphylococcus  was  commonly 
recovered  in  association  with  short-  and  long-term  morbidity, 
and  penicillin  resistance  was  noted  in  up  to  42%  of  iso¬ 
lates.7-11  Casualties  of  Operation  Iraqi  Freedom  and  Opera¬ 
tion  Enduring  Freedom  continue  to  suffer  from  acute  and 
chronic  infections  with  Staphylococcus  aureus . 13-15  This 
pathogen  has  been  noted  to  be  commonly  recovered  among 
patients  being  cared  for  in  a  combat  support  hospital  (CSH) 
and  colonizing  wounds  at  the  time  of  injury.1617 

Major  concerns  associated  with  managing  S.  aureus 
infections  are  increasing  antimicrobial  resistance  and  chang¬ 
ing  genotypes.  Penicillin  resistance  was  noted  soon  after  its 
introduction  into  clinical  care,  and  methicillin-resistant  S. 
aureus  (MRSA)  emerged  in  the  1960s.18-21  During  the  past 
two  decades,  an  epidemiologic  shift  of  MRSA  infections  has 
occurred.  Traditionally,  most  MRSA  isolates  were  hospital- 
associated  MRSA  (HA-MRSA),  but  more  recently,  virulent 
community-associated  MRSA  (CA-MRSA)  strains  have  be¬ 
come  predominant.22-25  Various  genotypes,  called  pulsed- 
field  types  (PFTs),  of  MRSA  have  been  categorized  by  the 
Centers  for  Disease  Control  and  Prevention.26  USA300 
and  USA400  PFTs  are  associated  with  CA-MRSA  and 
occasionally  USA1100.  HA-MRSA  strains  are  typically 
USA100,  USA200,  USA500,  USA600,  and  USA800  PFTs. 
S.  aureus  resistance  genes  carried  mobile  genetic  ele¬ 
ments  known  as  staphylococcal  cassette  chromosome  mec 
(SCC mec).  CA-MRSA  typically  carries  SCC mec  IV,  V,  or 
VII  elements,  whereas  HA-MRSA  typically  carries  the 
larger  SCC  mec  I,  II,  III,  or  VI  elements.26-27  Panton- 
Valentine  leukocidin  (PVL)  is  present  in  many  CA-MRSA 
isolates  and  has  been  shown  to  be  cytotoxic  to  human 
monocytes,  macrophages,  and  polymorphonuclear  leuko¬ 
cytes.28-29  An  arginine  catabolic  mobile  element  (ACME), 
which  inhibits  polymorphonuclear  cell  production,  may  also 
be  associated  with  virulence  and  is  typically  found  in 
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community-acquired  USA300  PFT  strains.28-30  An  increasing 
level  of  complexity  has  been  introduced  into  the  characterization 
of  MRSA  as  CA-MRSA  is  increasingly  being  recognized  as 
occurring  in  hospitalized  patients.  Therefore,  using  the  tradi¬ 
tional  criteria  of  onset  in  the  community  versus  onset  in  the 
hospital  does  not  always  reflect  PFT  or  antimicrobial  resistance 
patterns,  requiring  a  combination  of  all  three  descriptions  to 
adequately  characterize  the  pathogen’s  epidemiology. 

This  changing  epidemiology  of  MRSA  is  associated 
with  an  increased  rate  of  skin  and  soft-tissue  infections 
(SSTIs),  especially  among  US  military  recruits  and  other 
populations  such  as  athletes  and  prisoners.24-31  In  2008,  cel¬ 
lulitis  and  abscess  accounted  for  63,501  ambulatory  visits  and 
more  than  1,350  hospital  admissions  for  males  and  was  the 
seventh  most  common  cause  of  admission  in  US  military 
personnel.32-33  Skin  disorders  have  been  a  common  medical 
problem  in  previous  wars;  and  over  the  past  decade,  MRSA 
SSTIs  have  resulted  in  increased  morbidity  and  mortal¬ 
ity.34-37  A  recently  published  study  from  Iraq  identified  66 
patients  with  a  diagnosis  of  furuncle  or  carbuncle,  or  skin 
abscess  or  cellulitis.  Of  those  cultured,  26  had  S.  aureus 
(MRSA  in  15  of  these).38  On  the  basis  of  these  results,  the 
authors  approximated  an  SSTI  rate  of  880  cases  per  100,000 
persons  per  year  and  CA-MRSA  rate  of  600  cases  per 
100,000  persons  per  year  in  US  troops  in  Iraq. 

Our  study  was  designed  to  provide  specific  genotypic 
and  phenotypic  characteristics  of  MRSA  wound  culture  iso¬ 
lates,  including  those  causing  SSTI  from  a  CSH  in  Iraq. 
These  results  provide  theater-specific  epidemiologic  data  of 
types  of  MRSA  strains  present,  which  can  be  used  to  enhance 
the  care  of  patients  managed  within  a  combat  zone. 

MATERIALS  AND  METHODS 
Study  Location 

After  approval  by  the  Brooke  Army  Medical  Center 
Institutional  Review  Board,  MRSA  isolates  recovered  from 
wound  cultures  at  a  CSH  in  Iraq  from  December  2007 
through  March  2009  were  collected  and  stored  frozen  until 
they  were  shipped  in  batches  for  further  analysis.  The  CSH  is 
a  tertiary  care  military  healthcare  facility  established  in  Bagh¬ 
dad,  Iraq,  for  the  treatment  of  US,  coalition,  and  host  nation 
patients.  Details  of  the  facility  infrastructure  have  been  de¬ 
scribed  previously.16  Single-patient  isolates  were  recovered 
from  inpatients  and  outpatients  being  managed  at  the  facility.  In 
addition,  isolates  were  available  from  patients  managed  in  a 
surrounding  forward  operating  base  (FOB)  medical  facility  that 
referred  isolates  to  the  CSH  microbiology  section  for  pathogen 
identification  and  antimicrobial  susceptibility  testing. 

The  intheater  microbiological  system  initially  char¬ 
acterizing  isolates  was  the  MicroScan  Autoscan  4  system 
(Dade  Behring,  West  Sacramento,  CA).  Isolates  were 
shipped  periodically  to  Brooke  Army  Medical  Center  for 
further  characterization.  All  isolates  were  stabbed  into 
nutrient  agar  deeps  and  packed  and  shipped  in  accordance 
with  international  and  federal  regulations.  All  isolates 
were  imported  under  permit  from  the  Centers  for  Disease 
Control  and  Prevention.  Once  the  isolates  arrived  at  our  facility,  the 
bacteria  from  them  were  recovered  and  placed  in  freezer  beads 
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(Pro-Lab  Diagnostics  Microbank,  Pro-Lab  Diagnostics,  Austin, 
TX,  http://www.pro-lab.com/products-microbank.php)  and  stored 
at  —  70°C.  Although  most  isolates  did  not  have  relevant 
clinical  data,  a  subset  of  17  patients  with  isolates  collected 
between  November  7,  2008,  and  March  5,  2009,  had  the 
referring  ward  or  facility  information  available.  Nationality, 
anatomic  source  of  isolate,  and  mechanism  of  injury  were  not 
available  for  any  isolate. 

Antimicrobial  Susceptibility  Testing 

Antimicrobial  susceptibility  testing  at  our  facility  was 
performed  using  broth  microdilution  for  vancomycin  alone  to 
ensure  whether  vancomycin  intermediately  resistant  isolates 
were  detected  as  described  previously  and  the  BD  Phoenix 
Automated  Microbiology  System  (BD  Diagnostic  Systems, 
Sparks,  MD)  for  the  remaining  antimicrobials  following  stan¬ 
dardized  protocols.39  In  addition,  D-zone  testing  was  per¬ 
formed  for  evaluation  of  inducible  clindamycin  resistance  on 
all  isolates.40  Susceptibility  was  defined  based  on  the  ap¬ 
proved  standards  for  broth  microdilution  or  the  automated 
system. 

PFGE  and  Molecular  Assessment  of  Virulence 
and  Resistance 

Isolates  obtained  during  this  study  were  assessed  by 
pulsed-field  gel  electrophoresis  (PFGE)  after  Smal  restriction 
enzyme  digestion  as  described  previously.13-39  PFGE  gels 
were  interpreted  and  grouped  into  PFT  using  established 
criteria.13-26-39 

A  multiplex  polymerase  chain  reaction  to  detect  mec 
element  types  was  performed  as  described  previously  (control 
strains  obtained  from  Hermina  de  Lencastre).27-39  This  mul¬ 
tiplex  SCC mec  polymerase  chain  reaction  included  eight  loci 
and  the  mecA  gene  as  an  internal  control  and  is  able  to  detect 
SCCmec  I,  II,  III,  and  IV.  The  PVL  gene  was  detected  as 
described  previously  as  the  arcA  gene,  which  is  a  surrogate 
marker  for  type  I  ACME.40 

RESULTS 

Antimicrobial  Susceptibility  Testing 

There  were  84  MRSA  wound  isolates  available  for 
analysis;  however,  it  was  not  possible  to  differentiate  combat- 
related  wounds  from  SSTIs  with  associated  abscesses.  The 
only  antimicrobial  agent  active  against  all  isolates  was  van¬ 
comycin  (Table  1).  The  most  active  oral  antistaphylococcal 
agents  were  tetracycline  (95.2%  of  isolates  susceptible)  and 
trimethoprim-sulfamethoxazole  (trim-sulf;  94.0%  of  isolates 
susceptible).  Clindamycin  susceptibility  was  94.0%.  If  D- 
zone  testing  was  incorporated,  then  there  was  an  overall  87% 
clindamycin  susceptibility.  The  PFTs  associated  with  induc¬ 
ible  clindamycin  resistance  included  type  2  and  type  E;  none 
of  the  traditional  CA-MRSA  PFT  USA300  showed  inducible 
clindamycin  resistance.  Testing  of  agents  not  typically  used 
in  monotherapy  (because  of  concern  of  the  spontaneous 
development  of  resistance)  revealed  97.6%  of  isolates  sus¬ 
ceptible  to  rifampin,  90.5%  to  moxifloxacin,  and  59.5%  to 
levofloxacin.  Susceptibility  to  other  less  commonly  used 
agents  included  linezolid  (97.6%)  and  daptomycin  (96.4%). 
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TABLE  2.  Molecular  Characteristics  of  Isolates,  Including 
Pulsed-Field  Types,  S CCmec  Resistance  Genes,  and  ACME 
and  PVL  Virulence  Genes 

Pulsed-Field 

Presence  of 

Presence  of 

Types  (n) 

SCCmec,  n  (%) 

ACME,  n  (%) 

PVL,  n  (%) 

US  A3 00  (66) 

IV  66  (100) 

62  (94) 

66  (100) 

USA1100  (4) 

IV  2  (50),  NA  2  (50) 

0(0) 

4  (100) 

Type  2  (5) 

II  5  (100) 

0(0) 

0(0) 

Type  A  (2) 

IIIA  1  (50),  IIIB  1  (50) 

0(0) 

0(0) 

Type  B  (1) 

IV  1  (100) 

0(0) 

0(0) 

Type  C  (1) 

IV  1  (100) 

0(0) 

0(0) 

Type  D  (1) 

IV  1  (100) 

0(0) 

1  (100) 

Type  E  (1) 

IA  1  (100) 

0(0) 

1  (100) 

Type  F  (1) 

IV  1  (100) 

0(0) 

1  (100) 

Type  G  (1) 

IV  1  (100) 

1  (100) 

1  (100) 

Type  H  (1) 

IV  1  (100) 

0(0) 

0(0) 

Of  oral  antimicrobial  agents,  which  might  be  used  against 
PFT  USA300  (responsible  for  most  MRSA  SSTIs),  tetracy¬ 
cline  was  most  commonly  active  (98.5%  susceptibility),  fol¬ 
lowed  by  trim-sulf  (97.0%)  and  clindamycin  (97.0%). 

PFGE  and  Molecular  Assessment  of  Virulence 
and  Resistance 

The  most  common  PFTs  were  USA300  (78.6%),  fol¬ 
lowed  by  Type  2  (6.0%)  and  USA1 100  (4.7%;  Table  2).  The 
SCCrnec  elements  carrying  the  CA-MRSA  resistance  genes 
(SCC mec  IV)  were  present  in  88.0%  of  isolates,  and  the  genes 
associated  with  FIA-MRSA  (I,  II,  and  III)  were  present  in  9.5% 
of  the  isolates  (Table  2).  The  virulence  factor  PVL  was  found  in 
88.1%  of  isolates,  including  100%  of  PFT  USA300  (Table  2). 
The  ACME  virulence  factor  was  present  in  75.0%  of  isolates, 
including  94.0%  of  PFT  USA300  (Table  2). 

Subpopulation  Analysis 

Seventeen  MRSA  isolated  obtained  between  November 
7,  2008,  and  March  5,  2009  had  limited  clinical  data.  From 
the  17  patients,  12  of  the  isolates  were  obtained  in  the 
outpatient  setting,  of  which  5  were  referred  from  outlining 
FOBs.  The  remaining  five  samples  were  from  patients  admit¬ 
ted  to  the  hospital:  three  from  the  ward,  one  from  the 
intensive  care  unit,  and  one  from  the  operating  room.  Of  the 
isolates,  15  were  USA300,  1  was  type  G  from  a  patient’s 
thigh  sample  collected  in  the  intensive  care  unit,  and  one  was 
type  H  from  a  skin  sample  obtained  at  an  FOB.  The  isolates 
were  100%  susceptible  to  vancomycin,  tetracycline,  rifampin, 
linezolid,  moxifloxacin,  trim-sulf,  and  quinupristin-dalfopristin. 
For  this  subpopulation  only,  no  isolates  were  susceptible  to 
erythromycin,  52.9%  were  susceptible  to  levofloxacin,  88.2% 
to  daptomycin  (resistance  was  seen  in  one  PFT  USA300  and 
one  type  H),  and  94.1%  to  clindamycin  (resistance  in  one 
type  G). 

DISCUSSION 

Staphylococcus  aureus  infections  of  combat-related  in¬ 
juries  have  been  described  since  World  War  I.  However, 
since  the  1990s,  new  CA-MRSA  strains  have  been  increas- 
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ingly  described.  CA-MRSA  has  been  recognized  as  a  common 
pathogen  of  SSTIs  in  healthy  military  personnel  during  training 
and  while  deployed.24-38  In  addition,  CA-MRSA  infects  combat- 
related  injury  wounds  at  the  time  of  injury  and  also  results  in 
chronic  complications  of  extremity  injuries,  including  osteomy¬ 
elitis.13-15-17  This  study  augments  the  growing  knowledge  of  the 
impact  of  MRSA  on  military  service  members  in  and  out  of  a 
combat  zone,  providing  new  genotypic  and  phenotypic  charac¬ 
terization  of  isolates,  which  could  influence  future  management 
strategies  for  military  personnel.41 

Infections  with  CA-MRSA  US  A3  00  PFT  with  the  vir¬ 
ulence  factors  PVL  are  commonly  encountered  in  SSTIs 
associated  with  abscesses  or  furuncles  in  the  United  States. 
Data  indicate  that  the  ideal  therapy  of  these  infections  is 
adequate  surgical  debridement,  with  antimicrobial  therapy 
only  augmenting  care.42-44  Based  on  this  study,  oral  therapy 
with  trim-sulf  might  be  the  best  therapy.  A  caveat  to  the  use 
of  trim-sulf  in  SSTIs  is  its  limited  activity  against  the  Strep¬ 
tococcus  species,  which  is  frequently  a  pathogen  causing  cel¬ 
lulitis.45  For  adequate  coverage  of  both  Staphylococcus  and 
Streptococcus ,  tetracyclines  might  be  an  ideal  alternative  anti¬ 
microbial  agent.  Given  our  routine  use  of  doxycycline  for 
malaria  chemoprophylaxis,  studies  should  be  undertaken  to 
evaluate  the  impact  of  this  agent  on  preventing  the  development 
of  SSTI.  In  addition  further  studies  are  needed  to  assess  its 
impact  on  resistance  secondary  to  ongoing  drug  pressure,  espe¬ 
cially  with  the  reports  of  doxycycline  inducing  CA-MRSA  300 
PFT  tetracycline  resistance.46-47  Clindamycin  might  also  be  an 
excellent  alternative;  however,  the  clinical  impact  of  induc¬ 
ible  resistance  that  decreased  the  susceptibility  rate  from  94% 
to  87%  in  this  study  is  unclear.40  It  is  noteworthy  that  this 
inducible  resistance  was  not  found  in  any  isolates  with  the 
resistance  genes  SCCmec  IV,  including  the  USA300  PFT.  It 
is  unclear  what  impact  this  inducible  resistance  has  in  general 
on  clinical  outcomes  or  why  it  is  not  present  in  these  strains. 
Linezolid  might  also  be  an  alternative  agent;  however,  it  is 
costly  and  is  associated  with  notable  hematopoietic  compli¬ 
cations  and  substantial  drug- drug  interactions.  Because  of 
the  spontaneous  development  of  resistance  when  rifampin  or 
fluoroquinolones  are  used  as  monotherapy,  these  agents  are 
discouraged  for  routine  use  in  SSTIs  or  combat-related  wound 
injuries.  For  those  in  whom  an  intravenous  therapy  is  required, 
vancomycin  still  seems  to  be  the  ideal  agent.  Given  that  the 
primary  therapy  is  adequate  surgical  management  for  most 
MRSA  SSTI,  even  if  MRSA  is  potentially  colonizing  a  wound 
at  the  time  of  combat-related  injury,  there  is  no  indication  for 
MRSA-directed  therapy;  and  treatment  with  standard  antimicro¬ 
bials  is  still  recommended.17-48 

Based  on  this  epidemiologic  data  and  the  high  rate  of 
possible  MRSA  SSTIs  in  theater,  an  increased  emphasis  on 
preventing  these  infections  is  needed.  A  study  looking  at 
decolonization  with  intranasal  mupirocin  showed  limited 
benefit.49  Another  study  assessing  periodic  cleaning  with 
chlorhexidine  towels  in  marines  revealed  no  significant  effi¬ 
cacy  (personal  communication,  Timothy  J.  Whitman).50 
Overall,  improved  strategies  to  prevent  infections  are  needed, 
and  one  strategy  might  include  a  vaccine  that  incorporates  the 
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virulence  genes  commonly  seen  in  these  strains  of  bacteria 
reflective  of  isolates  in  our  service  members.51-52 

This  study  has  a  number  of  limitations,  including  the 
lack  of  the  details  pertaining  to  the  clinical  care  of  wounds 
and  prior  antimicrobial  exposure.  It  is  also  unclear  whether 
cultures  are  from  SSTI  or  are  associated  with  combat-related 
injuries,  which  is  vital  for  patient  care.  It  is  also  necessary  to 
have  this  information  to  clearly  relate  whether  the  CA-MRSA 
wound  cultures  were  not  only  associated  with  the  correspond¬ 
ing  typical  community  PFT  and  antimicrobial  resistance  pat¬ 
tern  but  also  onset  in  the  community.  Isolates  also  included 
those  of  inpatients  and  outpatients  and  are  likely  reflective  of 
strains  from  across  various  levels  of  care  of  combat  casual¬ 
ties,  disease,  and  nonbattle  injuries  including  battalion  aid 
stations  through  CSHs.  This  information  is  vital  because  it  is 
unclear  how  MRSA  complicates  the  care  of  wounds  because 
it  was  shown  to  be  present  in  2  of  61  wounds  at  the  time  of 
combat-related  injury  in  Iraq  but  not  in  wounds  a  few  days 
after  injury  in  patients  treated  on  the  US  naval  ship  Com¬ 
fort.17-53  However,  MRSA  was  noted  to  be  associated  with 
osteomyelitis  in  8%  of  combat-related  extremity  injuries  in  a 
level  V  facility  in  the  United  States  and  in  31%  of  osteomy¬ 
elitis  recurrences  or  relapses.53  These  isolates  likely  reflect 
the  pathogens  associated  with  complications  of  patients  cared 
for  in  our  military  medical  healthcare  system  in  and  out  of  the 
combat  zone.  Further  studies  are  needed  to  characterize  the 
wounds  in  theater  and  to  clearly  indicate  the  type  of  wound 
when  the  pathogen  was  recovered;  combat-related  wound 
versus  SSTI  with  abscess. 

Overall,  CA-MRSA  is  increasingly  affecting  military 
personnel  in  and  out  of  the  combat  zone.  The  genotypic  and 
phenotypic  characterizations  of  CA-MRSA  isolates  in  theater 
augments  recently  characterized  epidemiologic  studies  in  the 
combat  zone  and  in  the  United  States.  This  study  will  not 
only  enable  improved  care,  including  selection  of  appropriate 
antimicrobial  therapy,  but  also  guide  future  intervention  and 
prevention  trials. 


REFERENCES 

1.  Fleming  A.  On  the  bacteriology  of  septic  wounds.  Lancet.  1 9 1 5;2:638  — 
643. 

2.  Ashcroft  PG,  Pulvertaft  RJV.  The  bacteriology  of  head  wounds.  Br  J 
Surg.  1947;l(suppl  1):183-186. 

3.  Ecker  AD.  A  bacteriologic  study  of  penetrating  wounds  of  the  brain 
from  the  surgical  point  of  view.  J  N euro  surg.  1946;3:1-6. 

4.  Miles  AA.  Epidemiology  of  wound  infection.  Lancet.  1944;1:809-815. 

5.  Strawitz  JG,  Wetzler  TF,  Marshall  JD,  Lindberg  RB,  Howard  JM,  Artz 
CP.  The  bacterial  flora  of  healing  wounds.  A  study  of  the  Korean  Battle 
Casualty.  Surgery.  1955;37:400-408. 

6.  Lyons  C.  Penicillin  and  its  use  in  the  war  wounded.  Am  J  Surg. 
1946;72:315-318. 

7.  Witschi  TH,  Omer  GE.  The  treatment  of  open  tibial  shaft  fractures  from 
Vietnam  War.  J  Trauma.  1970;10:105-111. 

8.  Heggers  JP,  Barnes  ST,  Robson  MC,  Ristroph  JD,  Omer  GE  Jr.  Micro¬ 
bial  flora  of  orthopaedic  war  wounds.  Mil  Med.  1969;134:602-603. 

9.  Tong  MJ.  Septic  complications  of  war  wounds.  JAMA.  1972;219:1044- 
1047. 

10.  Matsumoto  T,  Wyte  SR,  Moseley  RV,  Hawley  RJ,  Lackey  GR.  Combat 
surgery  in  communication  zone.  I.  War  wound  and  bacteriology  (pre¬ 
liminary  report).  Mil  Med.  1969;134:655-665. 

11.  Heisterkamp  C  III,  Vemick  J,  Simmons  RL,  Motsumoto  T.  Topical 
antibiotics  in  war  wounds:  a  re-evaluation.  Mil  Med.  1969;134:13-18. 

S105 


Copyright  ©  Lippincott  Williams  &  Wilkins.  Unauthorized  reproduction  of  this  article  is  prohibited. 


Murray  et  al. 


The  journal  of  TRAUMA®  Injury,  Infection,  and  Critical  Care  •  Volume  69,  Number  1,  July  Supplement  2010 


12.  Jacob  E,  Murphy  KP,  Erpelding  JM.  A  retrospective  analysis  of  open 
fractures  sustained  by  U.S.  military  personnel  during  Operation  Just 
Cause.  Mil  Med.  1992;157:552-556. 

13.  Johnson  EN,  Bums  TC,  Hayda  RA,  Hospenthal  DR,  Murray  CK. 
Infectious  complications  of  open  type  III  tibial  fractures  among  combat 
casualties.  Clin  Infect  Dis.  2007;45:409-415. 

14.  Murray  CK,  Wilkins  K,  Molter  NC,  et  al.  Infections  in  combat 
casualties  during  Operations  Iraqi  and  Enduring  Freedom.  J  Trauma. 
2009;66(4  Suppl):S138-S144. 

15.  Yun  HC,  Branstetter  JG,  Murray  CK.  Osteomyelitis  in  military  person¬ 
nel  wounded  in  Iraq  and  Afghanistan.  J  Trauma.  2008;64:S163-S168. 

16.  Yun  HC,  Murray  CK,  Roop  SA,  Hospenthal  DR,  Gourdine  E,  Dooley 
DP.  Bacteria  recovered  from  patients  admitted  to  a  deployed  U.S. 
military  hospital  in  Baghdad,  Iraq.  Mil  Med.  2006;171:821-825. 

17.  Murray  CK,  Roop  SA,  Hospenthal  DR,  et  al.  Bacteriology  of  war 
wounds  at  the  time  of  injury.  Mil  Med.  2006;171:826-829. 

18.  Chambers  HF.  The  changing  epidemiology  of  Staphylococcus  aureus. 
Emerg  Infect  Dis.  2001;7:178-182. 

19.  Jevons  MP.  [“Celbenin”-resistant  Staphylococci].  BMJ.  1961;1:124-125. 

20.  Crisostoma  MI,  Westh  H,  Tomasz  A,  Chung  M,  Oliveira  DC,  de  Lencastre 
H.  The  evolution  of  methicillin  resistance  in  Staphylococcus  aureus :  simi¬ 
larity  of  genetic  backgrounds  in  historically  early  methicillin-susceptible 
and  -resistant  isolates  and  contemporary  epidemic  clones.  Proc  Nat  Acad 
Science  USA.  2001;98:9865-9870. 

21.  Enright  MC,  Robinson  DA,  Randle  G,  Feil  EJ,  Gmndmann  H,  Spratt 
BG.  The  evolutionary  history  of  methicillin-resistant  Staphylococcus 
aureus  (MRSA).  Proc  Nat  Acad  Science  USA.  2002;99:7687-7692. 

22.  Herold  BC,  Immergluck  LC,  Maranan  MC,  et  al.  Community-acquired 
methicillin-resistant  Staphylococcus  aureus  in  children  with  no  identi¬ 
fied  predisposing  risk.  JAMA.  1998;279:593-598. 

23.  Blanc  DS,  Petignat  C,  Wenger  A,  et  al.  Changing  molecular  epide¬ 
miology  of  methicillin-resistant  Staphylococcus  aureus  in  a  small 
geographic  area  over  an  eight-year  period.  J  Clin  Microbiol.  2007; 
45:3729-3736. 

24.  Ellis  MW,  Hospenthal  DR,  Dooley  DP,  Gray  PJ,  Murray  CK.  Natural 
history  of  community-acquired  methicillin  resistant  Staphylococcus  au¬ 
reus  colonization  and  infection  in  soldiers.  Clin  Infect  Dis.  2004;39:971- 
979. 

25.  Popovich  KJ,  Weinstein  RA,  Hota  B.  Are  community-associated 
methicillin-resistant  Staphylococcus  aureus  (MRSA)  strains  replac¬ 
ing  traditional  nosocomial  MRSA  strains?  Clin  Infect  Dis.  2008;46: 
787-794. 

26.  McDougal  LK,  Steward  CD,  Killgore  GE,  Chaitram  JM,  McAllister  SK, 
Tenover  FC.  Pulsed-field  gel  electrophoresis  typing  of  oxacillin-resistant 
Staphylococcus  aureus  isolates  from  the  United  States:  establishing  a 
national  database.  J  Clin  Microbiol.  2003;41:5113-5120. 

27.  Deurenberg  RH,  Stobberingh  EE.  The  evolution  of  Staphylococcus 
aureus.  Infect  Gen  Evolut.  2008;8:747-763. 

28.  Diep  BA,  Gill  SR,  Chang  RF,  et  al.  Complete  genome  sequence  of 
US  A3 00,  an  epidemic  clone  of  community-acquired  methicillin-resistant 
Staphylococcus  aureus.  Lancet.  2006;367:731-739. 

29.  Said-Salim  B,  Mathema  B,  Braughton  K,  et  al.  Differential  distribution  and 
expression  of  Panton- Valentine  leukocidin  among  community-acquired 
methicillin-resistant  Staphylococcus  aureus  strains.  J  Clin  Microbiol.  2005; 
43:3373-3379. 

30.  Diep  BA,  Stone  GG,  Basuino  L,  et  al.  The  arginine  catabolic  mobile 
element  and  Staphylococcal  chromosomal  cassette  mec  linkage:  conver¬ 
gence  of  virulence  and  resistance  in  the  US  A3 00  clone  of  methicillin- 
resistant  Staphylococcus  aureus.  J  Infect  Dis.  2008;197:1523-1530. 

31.  Armed  Forces  Health  Surveillance  Center.  Hospitalizations  among 
members  of  active  components.  U.S.  Armed  Forces,  2008.  Med  Surv 
Month  Rep.  2009;16:2-8. 

32.  Army  Medical  Surveillance  Activity.  Cellulitis  and  abscess,  active 
components,  U.S.  Armed  Forces,  2002-2005.  Med  Surv  Month  Rep. 
2006;12:2-8. 

33.  Armed  Forces  Health  Surveillance  Center.  Ambulatory  visits  among 
members  of  active  components,  U.S.  Armed  Forces,  2008.  Med  Surv 
Month  Rep.  2009;16:10-15. 

34.  Armed  Forces  Health  Surveillance  Center.  “Indicator”  infectious  ill¬ 
nesses,  staphylococcal  infections,  and  penicillin  resistance  among  active 
component  members,  U.S.  Armed  Forces,  January  2002-June  2007.  Med 
Surv  Month  Rep.  2007;14:2-7. 

S106 


35.  Army  Medical  Surveillance  Activity.  Cellulitis  among  active  duty  ser¬ 
vice  members,  U.S.  Armed  Forces,  1998-2001.  Med  Surv  Month  Rep. 
2002;8:6-9. 

36.  Allen  AM.  Chapter  III:  Statistics.  In:  Ognibene  AJ,  ed.  Internal  Medi¬ 
cine  in  Vietnam.  WA,  DC:  Office  of  the  Surgeon  General  and  Center  for 
Military  History,  US  Army;  1977:29-51. 

37.  Army  Medical  Surveillance  Activity.  Disease  and  non-battle  injury 
surveillance  among  deployed  US  Armed  Forces:  Bosnia-Herzegovina, 
Kosovo,  and  Southwest  Asia,  July  2000 -September  2001.  Med  Surv 
Month  Rep.  2001;7:2-6. 

38.  Roberts  SS,  Karzagis  RJ.  Methicillin-resistant  Staphylococcus  aureus 
infections  in  U.S.  Service  members  deployed  to  Iraq.  Mil  Med.  2009; 
174:408-411. 

39.  Murray  CK,  Holmes  RL,  Ellis  MW,  et  al.  Twenty-five  year  epidemiol¬ 
ogy  of  invasive  methicillin-resistant  Staphylococcus  aureus  (MRSA) 
isolates  recovered  at  a  bum  center.  Burns.  2009;35:1112-1117. 

40.  Lewis  JS,  Jorgensen  JH.  Inducible  clindamycin  resistance  in  Staphylo¬ 
cocci :  should  clinicians  and  microbiologist  be  concerned?  Clin  Infect 
Dis.  2005;40:280-285. 

41.  Ellis  MW,  Griffith  ME,  Jorgensen  JH,  Hospenthal  DR,  Mende  K, 
Patterson  JE.  Presence  and  molecular  epidemiology  of  virulence  factors 
in  methicillin-resistant  Staphylococcus  aureus  strains  colonizing  and 
infecting  soldiers.  J  Clin  Microbiol.  2009;47:940-945. 

42.  Giordano  PA,  Elston  D,  Akinlade  BK,  et  al.  Cefdinir  vs  cephalexin  for 
mild  to  moderate  uncomplicated  skin  and  skin  structure  infections  in 
adolescents  and  adults.  Curr  Med  Res  Opin.  2006;22:2419-2428. 

43.  Rajendran  PM,  Young  D,  Maurer  T,  et  al.  Randomized,  double-blind, 
placebo-controlled  trial  of  cephalexin  for  treatment  of  uncomplicated 
skin  abscesses  in  a  population  at  risk  for  community-acquired  methicillin- 
resistant  Staphylococcus  aureus  infection.  Antimicrob  Agents  Chemother. 
2007;51:4044-4048. 

44.  Ruhe  JJ,  Smith  N,  Bradsher  RW,  Menon  A.  Community-onset 
methicillin-resistant  Staphylococcus  aureus  skin  and  soft-tissue  in¬ 
fections:  impact  of  antimicrobial  therapy  on  outcome.  Clin  Infect  Dis. 
2007;44:777-784. 

45.  Kaplan  El,  Johnson  DR,  Del  Rosario  MD,  Horn  DL.  Susceptibility  of 
group  A  beta-hemolytic  Streptococci  to  thirteen  antibiotics:  examination 
of  301  strains  isolated  in  the  United  States  between  1994  and  1997.  Ped 
Infect  Dis  J.  1999;18:1069-1072. 

46.  Schwartz  BS,  Graber  CJ,  Diep  BA,  Basuino  L,  Perdreau-Remington  F, 
Chambers  HF.  Doxycycline,  not  minocycline,  induces  its  own  resistance 
in  multidmg-resistant  community-associated  methicillin-resistant  Staph¬ 
ylococcus  aureus  clone  USA300.  Clin  Infect  Dis.  2009;48:1483-1484. 

47.  Ruhe  JJ,  Menon  A.  Tetracyclines  as  an  oral  treatment  option  for 
patients  with  community  onset  skin  and  soft  tissue  infections  caused 
by  methicillin-resistant  Staphylococcus  aureus.  Antimicrob  Agents 
Chemother.  2007;51:3298-3303. 

48.  Murray  CK,  Hsu  JR,  Solomkin  JS,  et  al.  Prevention  and  management  of 
infections  associated  with  combat-related  extremity  injuries.  J  Trauma. 
2008;64:S239-S25 1 . 

49.  Ellis  MW,  Griffith  ME,  Dooley  DP,  et  al.  Targeted  intranasal  mupi- 
rocin  to  prevent  colonization  and  infection  by  community-associated 
methicillin-resistant  Staphylococcus  aureus  strains  in  soldiers:  a 
cluster  randomization  controlled  trial.  Antimicrob  Agents  Chemother. 
2007;51:3591-3598. 

50.  Uniformed  Services  University  of  the  Health  Sciences.  Chlorhexidine 
impregnated  cloths  to  prevent  skin  and  soft  tissue  infections  in  Marine 
officer  candidates  (US  National  Institutes  of  Health  Web  site).  Available 
at:  http://clinicaltrials.gov/ct2/show/NCT00475930.  Accessed  May  5, 
2009. 

51.  Projan  SJ,  Nesin  M,  Dunman  PM.  Staphylococcal  vaccines  and  immu- 
notherpay:  to  dream  the  impossible  dream.  Curr  Opinion  Pharmacol. 
2006;6:473-479. 

52.  Middleton  JR.  Staphylococcus  aureus  antigens  and  challenges  in  vaccine 
development.  Expert  Rev  Vaccines.  2008;7:805-815. 

53.  Petersen  K,  Riddle  MS,  Danko  JR,  et  al.  Trauma-related  infection  in 
battlefield  casualties  from  Iraq.  Ann  Surg.  2007;245:803-811. 

DISCUSSION 

Dr.  Kent  E.  Kester  (Walter  Reed  Army  Institute  of 
Research,  Silver  Spring,  MD):  This  paper  by  Murray,  et  al. 
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MRSA  Wound  Infections 


describes  detailed  microbiologic  and  genetic  analyses  of 
community-acquired  methicillin-resistant  Staphylococcus  au¬ 
reus  (CA-MRSA)  isolates  recovered  from  wound  cultures 
obtained  in  a  deployed  U.S.  Army  combat  support  hospital 
(CSH)  in  Iraq.  Using  a  variety  of  standard  microbiologic 
techniques,  as  well  as  common  genotypic  analyses,  an  effort 
was  made  to  characterize  for  the  first  time  the  phenotypic  and 
genotypic  characteristics  of  these  bacteria  recovered  from 
wound  cultures  in  a  CSH  deployed  to  Iraq. 

Through  the  use  of  standard  broth  microdilution 
techniques  augmented  by  D-zone  testing  for  the  evaluation 
of  inducible  clindamycin  resistance,  antimicrobial  suscep¬ 
tibility  was  performed  on  samples  sent  from  the  deployed 
CSH  in  Iraq  to  Brooke  Army  Medical  Center  in  San 
Antonio,  TX.  Further,  genetic  analysis  of  the  isolates  was 
performed  via  the  use  of  pulsed-field  gel  electrophoresis 
(PFGE)  as  well  as  PCR-based  techniques  designed  to 
detect  SCC mec  genes  associated  with  antimicrobial  resis¬ 
tance,  as  well  as  the  Panton- Valentine  leukocidin  (PVL) 
and  the  arginine  catabolic  mobile  element  (ACME),  both 
of  which  may  be  associated  with  enhanced  virulence  in 
selected  infections.  Of  84  MRSA  wound  isolates,  none 
were  resistant  to  vancomycin  and  the  antimicrobial  sus¬ 
ceptibility  patterns  identified  were  typical  of  CA-MRSA. 
The  most  common  pulsed-field  type  (PFT)  was  the 
USA300  strain,  which  accounted  for  nearly  80%  of  all 
isolates  assessed.  Genetic  analyses  demonstrated  that  the 
vast  majority  of  the  isolates  carried  typical  SCC mcc  ele¬ 
ments,  along  with  the  PVL  and  ACME  virulence  factors. 

The  emergence  of  MRSA  and  in  particular,  CA-MRSA, 
continues  to  challenge  clinicians,  especially  since  many  of  these 
infections  are  no  longer  nosocomial  in  nature,  although  there  is 
emerging  data  that  suggests  that  CA-MRSA  strains  are  replacing 
the  previously  more  common  hospital-acquired  (HA)  strains  of 
MRSA  (1-3)  in  hospitalized  patients.  Further,  in  what  can  only 
be  described  as  an  epidemic,  the  rates  of  CA-MRSA  isolation 
and  infection  in  the  non-hospitalized  civilian  population  con¬ 
tinue  to  climb  (4).  While  many  of  these  infections  are  typical 
staphylococcal  skin  and  soft  tissue  infections,  there  are  increas¬ 
ing  numbers  of  reports  that  associated  the  USA300  genotype  of 
MRSA  with  necrotizing  community-acquired  pneumonia  (5). 
The  military  population  has  not  been  left  out  of  this  developing 
epidemic.  Dufresne  et  al.,  in  a  retrospective  study  that  evaluated 
the  prevalence  of  CA-MRSA  in  soft  tissue  abscesses  in  two 
military  level- 1  trauma  centers,  found  that  CA-MRSA  was 
associated  with  nearly  two-thirds  of  all  soft  tissue  abscesses  in 
patients  who  presented  to  the  Emergency  Departments  of  either 
Brooke  Army  Medical  Center  or  Wilford  Hall  Medical  Center  in 
San  Antonio  (6).  Roberts  et  al.  retrospectively  evaluated  MRSA 
infections  identified  over  a  5 -month  period  at  a  level  2  treatment 
facility  in  military  personnel  deployed  to  Iraq  and  found 
that  approximately  70%  of  the  isolates  were  MRSA,  again 
demonstrating  the  increasing  impact  these  organisms  have 
on  the  etiology  of  a  relatively-common  community-ac¬ 
quired  infection  (7). 

As  the  authors  of  this  paper  correctly  note,  the  current 
report  is  limited  by  a  lack  of  clinical  data,  especially  since  the 
presence  of  organisms  in  a  wound  may  not  necessarily 
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correlate  with  a  true  infection.  It  would  be  useful  to  know  if 
the  MRSA  isolates  were  collected  sequentially  (i.e.,  all  iso¬ 
lates  collected  over  the  time  period  of  the  study  submitted  for 
detailed  analysis).  In  the  course  of  the  full  microbiologic 
characterization  of  the  isolates,  were  there  any  discrepan¬ 
cies  noted  when  the  antibiograms  were  compared  with  the 
clinical  microbiologic  data  derived  from  the  referring 
deployed  microbiology  laboratory?  The  data  presented  in 
this  paper  suggests  that  the  use  of  trimethoprim/sulfame- 
thoxazole  would  be  an  appropriate  first-line  therapeutic 
choice,  although  the  use  of  doxycycline  is  also  suggested 
as  an  alternative.  Whether  or  not  the  latter  may  cause  more 
problems  over  the  longer  term  related  to  its  own  induction 
of  resistance  in  USA300  isolates  remains  to  be  seen  (8). 
Finally,  while  not  a  part  of  this  study,  it  would  be  useful  if 
there  was  some  type  of  environmental  and/or  staff  assess¬ 
ment  in  order  to  identify  potential  point  sources  of  certain 
of  the  CA-MRSA  infections — a  very  useful  tool  for  im¬ 
proving  overall  infection  control  practices  in  a  deployed 
medical  care  setting. 

This  latest  study  is  a  natural  follow-on  to  the  earlier 
studies  that  evaluated  MRSA  infections  in  military  personnel. 
The  data  provided  make  a  compelling  case  for  further  study 
of  this  new  epidemic  in  military  medical  treatment  facilities, 
both  in  inpatients  and  in  outpatients,  since  CA-MRSA  infec¬ 
tions  are  now  commonly  seen  in  both  populations.  The  power 
of  the  military  healthcare  system  is  that  as  a  unified  system 
with  common  data  reporting  systems,  the  impact  of  CA- 
MRSA  can  be  assessed  system-wide,  ideally  in  the  context  of 
a  prospective  study  of  all  CA-MRSA  infections,  not  just 
isolated  wound  cultures.  And  an  important  aspect  of  such  a 
study  would  include  complete  clinical  information  related  to 
the  patient,  the  wound,  mechanism  of  injury  (if  any),  and  any 
other  relevant  data.  A  particularly  important  area  for  future 
investigation  involves  ongoing  assessments  of  the  antibiotic 
susceptibility  patterns  of  these  isolates  over  time,  both  from 
an  individual  facility  standpoint,  as  well  as  from  the  entire 
military  healthcare  system,  since  changes  in  these  patterns 
may  have  a  significant  impact  on  treatment  and/or  preventive 
strategies.  As  described  above,  environmental  and  even  med¬ 
ical  staff  assessments  may  be  extremely  useful  in  terms  of 
localizing  potential  sources  of  infection.  While  it  is  too  early 
to  tell  if  an  effective  vaccine  against  CA-MRSA  is  achiev¬ 
able,  the  concept  certainly  merits  close  attention,  since  these 
infections  transcend  the  entire  spectrum  of  healthcare,  mili¬ 
tary  and  civilian. 

The  authors  are  to  be  congratulated  for  their  efforts 
to  begin  to  study  detailed  characteristics  of  the  developing 
CA-MRSA  epidemic.  Studies  of  this  type  as  well  as  the 
natural  expanded  follow-on  studies  will  not  only  assist  in 
the  better  definition  of  multiple  characteristics  of  CA- 
MRSA  and  associated  infections,  but  will  also  materially 
contribute  to  the  long-term  improvement  of  the  medical 
care  of  military  patients. 

Dr.  Clinton  Murray  (Brooke  Army  Medical  Center, 
Fort  Sam  Houston,  TX):  We  appreciate  Dr.  Kester’s  kind 
words  and  support  of  this  project  and  have  attempted  to 

S107 


Copyright  ©  Lippincott  Williams  &  Wilkins.  Unauthorized  reproduction  of  this  article  is  prohibited. 


Murray  et  al. 


The  journal  of  TRAUMA®  Injury,  Infection,  and  Critical  Care  •  Volume  69,  Number  1,  July  Supplement  2010 


address  his  relevant  issues.  The  isolates  evaluated  in  this 
study  were  serial  isolates  collected  and  stored  in  the  CSH’s 
clinical  microbiology  section.  However,  the  isolates  referred 
from  outside  of  the  facility  may  not  necessarily  be  serial  for 
those  facilities.  There  did  not  appear  to  be  discrepancies 
between  the  testing  method  in  theater  for  antimicrobial  resis¬ 
tance  testing  and  those  test  performed  at  BAMC;  however, 
some  testing,  such  as  D-zone  and  broth  microdilution,  were 


not  performed  in  the  theater  clinical  microbiology  section. 
We  do  agree  that  follow  on  studies  are  needed  of  environ¬ 
mental  isolates  along  with  greater  clarity  of  type  of  infec¬ 
tions,  timing  of  infection,  outpatient  versus  inpatient  onset  of 
infection,  prior  antimicrobial  exposure  and  other  clinically 
relevant  information  to  best  inform  the  clinician  on  how  to 
adequately  manage  combat-related  wound  infections  and  skin 
and  soft  tissue  infections. 
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